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TEST 03’A 3U.4L-EOTATIOH AXIAL-FLOW FAN

BY l!. Barton Bell and Luoas J. DeKoster

SUMMARY

A dual-rotation axial-flow.fan composed of two
oppositely rotating 24-blade rotore wa8 built and tested.
The outfiide diameter waa 21 inches and the hub diameter
was 145 inches? The fan was tested with various combina-
tions of front and rear blade angles and with two combina-
tions of front and rear solldlties. Pressure and torque
coefficients and efficiency were determined and are pre-
sente~ as functions of a quantity coefficient.

In order to have tho torque coefficients of the front
and rear rotors remain nearly equal ovar the operating range
with fixed blade angles, it was necessary to reduca the aum-
ber of blades In the rear rotor to one-h:”lf the number of
blndee ia the front rotor. More than twice as much pressure
rise was obt~ined from the dual-rotatloa fan as from a pre-
viously tested sln.qle-stuge fan without contravanee. The
maximum efficiency of the dual-rotation fan W8S slightly
lower than the efficiency of a siagle-sta~e fan with contra-
vanas and higher than the maximum efficienc~ of a slngle-
sta~e fan without contravenes.

12iTRODUCTION

Previous NACA tests of axial-flow fans reported in
references 1 and 2 were restricted to a single-stage fan
oparated wivh and without contravenes. Refarence 1 for a
single-stage fan with 24 blades indicatad that higher pres-
euree wore obtainable with than without contrnvanes. Eefer-
ence 2 indicated that nctmuch Increaee In pressure could be
expected from an increase In the 8olidity above the value
of 0.86 for 24 blades. In order to get pressures appreciably
higher than those obtainable with a fan such as was used in
reference 1, it is therefore necessary to use more than one
stage. A simple multistage arrangement involves the uee of
two rotors turning in opposite directions. Such a fan has
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been built and teeted by the propeller-research section.
ghe program includad tests with various combinations of
front and rear tilade angle and with two combinations of
front and rear solidity.

DZ!SC21FTIOX OF AI’PA17A!NS

Paver wns su~.)lis~ to e~ch rJtcr b;r a 25-bor3epovJer
three-pk’se aiternatins-current inll.uction motor. These
motors vere su~Flied from a common source with alhernatinq
current of v~rlabln fraq~enc~~. A weter rheostat for each
ph;.se of thi3 vari:”.hle-frequ~ncy supply ‘“as connected in
saries with 3ach m~tor. The vcltx~e droy acros~ the Jmotors
could be independe~tly vsrieJ hy vnryin.; the resist~nce of
theBa rheostats; this arrangdnent gavo a small amount of
dlfferantial spe~d control. The front motor was air coolad
and the rear motor was water coolad.

The no%ors ‘~sre supportod in~ida th. staol fan casing
on four radial 8t?G~Clll~L~ atyutsm Uhe struts supporting
the front motor W13N0 firil.lolfor s’:atic oriflccs for m~asur-
in; tho pressure tio ha usad to detormin~ quautity of nir flow.
All alcctricnl coz.ncctiou; t~ tha ;;ctor~ vore ccrriad through
tha struts. !tie ir.n cc,einn? -.-{~zm-.chino-fiaished on the in-
side to a diamot3r of 21 inches. At the location of tho
rotors thii diamobor wns rGli.Jvod to ?.dicunot.?r of 21&
inches, which gaYa l/32-inch clanrancc at tho tips of the
blades.

!?hc two parts of tho multist:-,ge fnn wera boltod and
doweled toq~lthar and mountod on a ste,>l fraao. This frumo



was supported on four rollers, which rested on hardened
and ground 8tool tracks. The frame wae rost~a+Lned from
rolling foro-and-aft by a thrust wire, one end of whlc~
wae carried ov~r a pulley to 8 dial balance. Tho other

!s’ ond WRS aonneoted to counterweights through a bell ornnk~

3
Tho entrance bell and exit cones were 8eparately supportod
free of the fan. A cylinder having the diameter of the
hub wae extended upetream beyond the preeeure field of the
entrance. The flow through the -test section was therefore
confined between the cylindrical hub falrlng and the oylln-
drical outer casing.

A diffuser exteuded downstream of the fan. At the
outlet of the diffuser a variable re~trlctlon consisting
of a number of overlapping movable streamline slats con-
trolled the prassura rise through th~ fan. The air wae
exhausted through this rostrictlon Into a muffler.

Pr@ceding the actual tests of the fan, tho torque
output of each motor was calibrated with H Prony brako
Ggainst wattmatcr and voltmeter readings. !!!110 Olactl’lc
ta$ilomotzrs, onu on ench Motor, woro calibrated ngainet
commercial 69-CYCIG ~.lto=nrtizq current. The tachometer
calibrp.tions wsro chockofl fit v~rious tin.?s during tho tzst-
Ing. The pressure orlfi~os fdr determiniu~ quantity of air
flow immediatel~ ahead of the front rotor were calibi-ated
ky ruzaln? the fan in saries with a previously calibrated
venturi.

As in references 1 and 2, the pressure rise acrose
the fan was assumed to ba tho thrust on the effective disk
area divided by tha effactive disk area. Tha thrust on the
disk araa was obtainod from balance and counterweight raad-
Ings corracted for the forca due to tha pressure insida tha .
hub iliffucer cons. R’or conditions in which tho torques on
ths front an~ the roar rotors are unequal, the prassure coef~
flclents nay ba somawhat affected by ttia rear-motor support+
Ing struts. Tor unequal-torquo conditions, there will bo
twiet In the air behind the roar r~tor aud ahtiad sf theso
struts= This twist will produca nit and drag on the struts.
Whether there is a 2ositiva prassure or negative pressure
conp@ne-lt ts the resultant of this lift-and-drag forca de-
pends on tha magnitude of the twist In the air. Ear no
twist (equal torque) there is only drag on these struts and
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the pressures nre conservative. Under most test conditions
this effect will be ~mall and has therefore been neglected
in the calculations of the pressura coefflclants.

Three series of tests were made. One series consisted
of a number of tests with the blade angles in the front rotor
var~lng in 50 increments from 150 to 50° and the blade an~mles
in the rear rotor so adjusted that the ree.r rotor would absorb
approximately the same torque as the front rotor at maximum
prassuro. Twenty-four blades were used in each rotor during
those tests. Another series of t~sts was made with the front
and rear blade angles equal but with 24 blades in the front
rotor and 12 blades in the rear rotor. This rotor arrauge-
m~nt is shown in figure 4. A third ssrlas was made with 12
blades in tho rear rotor so adju3tod thnt the torquo at maxi-
mun prassuro was tho same as that of tho frout rotor with
24 blades.

TT
CT ‘— torqua coofficicnt, front rotor

Y pna~s

TR
c torque coofficicnt, rz,n,rrotor
TR = ~~s
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cT=~ total-torque coefficientpnaDS

m= 23A
\ 2W CT nD3

effloienay

<
;

Q/nD3

where

Ap

P

n

ny

n~

~

1!

‘E

TE

Q

quantity coefficient

pressure rise aoross fan, pounds per square foot

mass density of air, elugEI per cubic foot

average rot&tlonal speed, ”revolutions per second
[(n~+ nB)/2]

rotational speed front rotor, revolutions per second

rotational speed rear rotor, revolutions per second

fan diameter (1.75 ft)

total torque (!llr+ TR), foot-pounfi.s

torque on front rotor, foot-pounds

torque on rear rotor, foot-pounds

qu~ntlt~ rate of flow, cubic feet per second

The following addittoaal eymbolg are used in the text
and figures:

E radius to

ro radius of

u solidity

B number of

BP number of

% number of

outside of fan (D/2)

hub (0.69R)

blades

bladas in front rotor

blades in rear rotor

b blade width
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By blade angle on front rOtOr at 0.714R, degrees

~R blade aagle on rear rotor at 0.714S, degrees

All coefficients are presented on tha basis of an
avernge rotatloaal speed because~ with available equip-
ment, it was imposslhl~ to synchronize the two iitotors If
the loads were appreciably different. TkIis method of
cmlculsting the coef~iciont 13ads to a sm.sll error in all
cases wharo tho torque is appreciabl~ different bet-.~oen
the rotors. U~iug an aver~~fe rotational 8~Ged has the
effect of decreasing the hi~h torque coefficient and in-
creasing the low torque coefficlont. The individual curves,
In terms of ~/ilD3, are also brought uore closely t~gether
thau when individual ~,pee~~ wera used. The magnltuie of
this discYeFancv is usually verr small because it was pcs-
sib13 to keep tha tvo COmp3n0nt5 of the fan Synchronized
over most of tnkl rango of oparation. The deviations from
synzhroaizati~n $tir all t>Ae co:lclitlons tested are shown
in figura 5.

!Phe n:’suits oj? the test *with 24 hladss in both fi.ont
and rear rotors and with tli~ rsar bla?.c augles nd:-.zat.~dto
givo apprcximataly aquel torqu’3 nt na:”l~um pr3ssL.rc3 ●rc
shown in figura 6. 2hc individue.1 tc:gu~ curve~ (ftg. 6(b))
6h0-W the l~rga diffCi”CllC95 in to~guJ ou th~ two rotors at
any condition et>.ar than Ghnt for wa~ck they wsro set. In
or~o~ to obtain equai torqud at m~xixum =~rcssu~c, it was
nccassar~ to sdt a largo tiifferec~a in blailc p.a~lo botwoon
front emd rear rotors. T:his fact is explainable by the in-
creased velocit;~ over the rear bl~.dss, which arcse fro~ the
rotation i~pa.-ted to tl.e ~.i= b;T tl~ ?~o~t ~ct~~. ghis

effect is similcar i~ the affect GL’ cnutrava~9s sb
stage faa. At

a 8?L~~le-

q Qa 3 vail-.esl:.r:-er%>&nn 0.3 thib arracge-.
ment of adjustin,~ tin blsa.c~ p~~viGed highnr pressures than
eithur oi’ t>e other nrraa,;erents teeted. Z’he slops of the
Fre;s-:.re ct.rvss is, howev]r, v3r: steep. If the fan is
re9.Liie4 tG 02arate at ~nrtking other than a flxad Q/nD3,
this ‘:arlatlon of pressu~o Is a disadvantage.

Ia orti.erto bring the blade anglas more closzly to-
gothcr, to decrease the slspe ~f the pressure curves, and
tc ‘cucp thr tsrques of tho front nnd rear rotors more nomrly
equal, s~v.ral tests wt?re rua with blade aiiglos tha s~me on
fr~nt and renr c.nd ~.rith24 blndos ( a= 0.86) in the front
rotor nnd 12 bladss (ff= 0.43) in tho rear rotor. The re-
sults of thos.z tcstd, given in fi.guroe 7(a) to 7(d), show
that tho slopo of tha prossura curvas has hsan docronsod but
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the rear fan is still drawing more power, Although the
rear fan is operating with only one half as many blades
as the front fan, the power It absorbs differs from that
of the front fan by an amount that Is about the same over

K the operating range. !Che maximum

$
EO great with this arrangement ae
24 bladeo In each rotor at values
but is slightly greater at values
The maximum efficiency is about 2

premsure available in not
with the arrangement having
of Q/nD3 larger than 0.3
of Q/nD3 less than 0.3.
or 3.percent lower.

In order to bring the power requirements of the two fans
more closely together and to determine the effect on the “
efflclency, sevaral tests were run with 24 blades In the front
hub , 12 blades in the rucr hub, and with the blade angles of
the rear rotor adjusted to absorb torque equal to that of the
front rotor at mazimum pressure. The results of these tests
are given in figure 8. Yigure 8(a) shows that, at the lower
blade angles, the torques of the front and the rear rotors
were practically equal for the range of operation. The o
slopes and the maximum values of the pressure-coefficient
curves and the maximum efficiency were about the same as with
front and recr blade angles set 3qual. For the test with ,

By = 50° and ~ =
F

41° the torque was not equal over tha oper-
ating range bu the maximum efficiency was about 5 percent
higher than with equal blade angles. Some other solidity
ratio between front and rear might have brought the By = 50°
curve to the desired condition.

4 comparison of the pressure coefficients of the dual-
rotation fan with 24 blades in each hub with the pressure .
coefficients of the single-rotation fan of reference 1 shows
that tLe m.=ixim-~m-pressure coefficients of the dual-rotation
fan are more than twice as great as for the single-stags fan
without contravenes and about equal to the sum of the maximum
pressures of this faa without contravenes and this fan with
contravenes set 70°. The maximum efficiency of the dual-
rotation fan was slightly less than the single-rotation fan
with contravenes set 70°. It appears that still higher pres-
sures might be obtained from a dual-rotation fan if contra-
venes were Installed ahead of the front rotor, This instal-
lation would have the effect of loading the front rotor and

-unloading the rear rotor. The front and rear blade angles
could then be brought more closely together.

SUMMARY OB’RESULTS

From tests of an exlal-flow fan having two oppositely
turning rotors with variable num%er of blades, and previous



8

teeta on a singla-stage fan, tha following results were
ohtalned:

1. For quantity coefficients above 0.3 the greatest
pressure rise was obtained from 24 blades in each rotor
with the blades adjusted to absorb equal torque at maximum
pressure. !Che efficiency of the dual-rotation Zan was
slightly less than the maximum efficiency of the single-
Btage fan with contravenes.

2. The slope of the pressure curves was made less
steap by reducing the number of blades In the rear rotor.

3. The torque coefficients of the front and tha rear
rotor were made nearly equal over tlr operating range by re-
ducing tha number of blades in the roar rotor and ad~usting
the blada a~glas of the rear rotor.

4. Tho dual-rotation fac providod more than twice as
Euch pressura rise at the scme quantity of air flow as the
previously tested single-stage fan without contravnnos.

Langley Memorial Aeronauticc.1 Laboratory,

1,

2.

ITationd Advisory Committae for Aeronautics,
Langley Flold, Va.
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Figure l.- Three-quarter front view of dual-rotation axial-fan test arrangement.
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Figure 2.- 8Lde view of dual-rotation axial-flow fa teat eeotlon.

Figure 4.- Rotors of
12 bls,des

dual-rotation axial-flow fan; 24 blades in front rotor,
in rear rotor.
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